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Development Series of Landslide in the Central Part 
 of the Ohu Backbone Range, Northeastern Japan
Reiko  YAGI*
Abstract The preceding study (Kimata and Miyagi 1985) classified displaced 
masses of a landslide body into four microlandform  units  : a Block, a Pressure 
ridge, a Debris flow ridge, and a Debris flow cone, based upon some mor-
phological characteristics, material constitution, distribution pattern and so on. 
This study intends to classify unit landslides systematically on the basis of a 
combination of the four types of displaced masses. The classification, as well 
as consideration of geomorphic processes and site conditions for landslide 
occurrence, is a procedure for the recognition of development series of land-
slide. 
   In the central part of the Ohu Backbone Range, more than 1,000 unit 
landslides were morphologically classified into the following five types based 
upon combinations of the four types of displaced  masses  :
Type  1  : a single Block 
Type  2  : multiple Blocks 
Type  3  : multiple  Blocks  +  Pressure ridges 
Type  4  : multiple  Blocks  +  Pressure  ridges  +  Debris flow ridges and Cones 
Type  5  : Debris flow ridges and Cones 
Each type is further divided into a few sub-types on the basis of geomorphic 
processes and site conditions for occurrence. 
   Eight development series of landslide are distinguished in the study area 
which are affected by original site conditions for occurrence and by some new 
conditions added through landslide movements. The series fall into three large 
groups. One is a group that a geomorphic development was finished at the 
stage of a rockslide, the next is a group that a rockslide graded into a landslide 
of colluvial deposits, and the last is a group that a landslide of colluvial deposits 
occurred at the primary stage. 
   Although there are some primary landslides which are presumably dated in 
the order of  104 y.B.P., most landslides in the study area are presently not active 
but in the phase that displaced masses formed at the primary landslide are 
dissected through secondary reactivated slide movements.
Key  words  : landslide development series, landform classification, displaced 
          mass, Ohu Backbone Range
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1 Introduction 
   Some recent studies have revealed that mountains in the humid temperate zone, 
such as northeastern Japan, are dominated by landslide topographies as a result of old 
or active landslide movements (Miyagi,  1979  ; Kimata,  1983  ; National Research Insti-
tute for Earth Science and Disaster Prevention,  1982-1988  ; Hasegawa et al.,  1988  ; 
Miyagi et al.,  1992  ; Yamagishi ed., 1993). Landslide is thus considered to be one of 
the main geomorphic processes of slope development in the zone. Many case studies 
of development process of a individual unit landslide have revealed that most active 
landslides  occur  inside of a relict landslide area. These studies have also revealed 
that there are some peculiar development series of landslide and the series are 
correspond to some geologic and geomorphic site conditions for landslide occurrence. 
In reference to this problem, Uemura (1975) pointed out that landslide studies have a 
dual nature consisting of both material science and historical one and that each 
landslide should be shown by sequence, stage, and phase which are set upon locality. 
But very few studies have ever filled the requirements, because there have been no 
criteria to classify landslides of various features systematically. 
   This paper intends to classify unit landslides in the central part of the Ohu 
Backbone Range based upon a combination of landslide microlandform units. 
Geomorphic processes and site conditions for landslide occurrence of each type are 
also considered in order to recognize some present development series of landslide in 
the area.
2 Outline of the study area 
   The Ohu Backbone Range which traverse the northern part of Honshu from north 
to south consists of many Quaternary volcanoes and mountains composed of Tertiary 
rocks generally ranging from 1,000 to 2,000 meters above sea level (Fig. 1). Most of 
peaks higher than 1,000 meters are late-Quaternary volcanoes. The volcanoes are 
composed of andesitic rocks which overlie Miocene submarine volcanic rocks or 
Miocene-Pliocene marine clastic sediments from 800 to 1,000 meters in altitude. 
These sediments have been deformed through folding and faulting, because rapid 
upheaval of the Ohu Backbone Range has succeeded since the beginning of the 
Quaternary.
3 Distribution of unit landslides 
   The study area includes the mid- and late-Quaternary  stratovolcanoes  ; Mt. Zao, 
Mt. Funagata, Mt. Izumigatake, Mt. Kurikoma, and Mt. Yakeishi, non-volcanic moun-
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tains and hills composed of mainly Tertiary rocks, terraces and alluvial plains. The 
area is dominated by landslides more than 1,000 units (Fig. 2). 
   Distribution of the landslides shows local variations in relation to geomor-
phological and  geological zones (Fig. 3, Table 1). Many landslides are distributed in 
and around Quaternary volcanoes (Qv, Qp), non-volcanic mountains and hills com-
posed of submarine volcanic rocks (Ng) and marine clastic sediments (N). Few are 
distributed in alluvial plains, terraces composed of Quaternary clastic sediments (Q), 
and the granite areas (G).
4 Classification of unit landslides
4.1 Viewpoint and method of classification 
   Unit landslides have been classified using the following criteria shown in Table  2.  ; 
type of movement, material constitution, rate of movement and so on (Varnes, 1958, 
 1978  ; Furuya,  1980  ; Oyagi et  al., 1992, etc.). But morphological characteristics of 
landslide have not been accepted as a criterion for classification, because they have not 
been sufficiently discussed. Especially microlandform units in a landslide area have 
not been interested in except as indices of spacial domain of movement, and a terminol-
ogy of these microlandforms has not been consistent. Accordingly these landslide 
microlandform units have not been accepted as effective indices for the classification 
of unit landslides. 
   Under this circumstance, Kimata and Miyagi (1985) attempted to make a typology 
of landslide  microlandform units from the point of view that they reflect type of 
movement, process, material constitution and so on. And Yagi (1993) revealed that it 
is possible to understand morphological characteristics of unit landslide by analyzing 
combination and distribution patterns of these microlandforms. 
   This study intends to classify all of unit landslides in the study area on the basis 
of landslide microlandform units, especially in the view of characteristics of displaced 
masses which are given as below, because these microlandforms are expected to reflect 
site conditions for landslide occurrence or deformations of physical property of rocks.
4.2 Characteristics of displaced masses 
   Displaced masses which constitute a landslide body are classified into four 
microlandform units as follows based upon morphological characteristics, distribution 
pattern, and so on (Fig. 4, Table 3). 
   The Block is formed by slide and constitution of the mass is not almost deformed 
through landslide movements. It is generally situated in a source area of landslide and 
preserves a part of an original surface. It is clearly contiguous to the surrounding 
slopes. Whether a Block is translocated or not is related to that a shape of the slip
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surface is rotational or translational. The Pressure ridges are formed by slide and 
their constitutions are deformed through landslide movements. Small faults and 
thrusts are sometimes recognized in the displaced materials. Slope form of the 
individual mass is convex and the Pressure ridges are not clearly contiguous to the 
surrounding slope. Pressure ridges are distributed in front of or between the Blocks 
successively at the site of a compression stress. They look like on the whole as wavy 
terrain. The Debris flow ridges and Cones are formed by flow and they are classified 
by some morphological characteristics and distribution patterns. Constitutions of the 
masses are weathered poorly sorted debris (secondary sediments).
Table 1 Geological zones of the study area
Mark Geologcal  z ne'  Age" Rook*  Landform Scale and distribution 
   of Landslide
 Q Late Pleistocene-
Holocene
Clastic sediments Alluvial plain, Terrace Small-medium scale 
are rarely distributed
 %
 2
Qv Quaternary Volcanic rocks 
(Andesitic rocks)
Volcano Large scale are dissected 
volcanoes
 Qp
 .17:1  Nv
Quaternary  Pyroclastic rocks 
and sediments
Volcano, Hill, Terrace Large scale are partly 
distributed
 
I  
 Pliocene-Pleistocene Terrestorial volcanic 
rocks
Mountain, Hill Small-medium scale 
are rarely distributed
ICE Ng
 Middle  miocene-
Pl iocene
Marine  clastic 
sediments
Mountain, Hill Mainly small-medium, 
rarely large scale are 
distributed
:2=23 
     G
Miocene Submarine volcanic 
rocks (Green tuff)
Mountain, Hill Medium-large scale 
are distributed
Miocene Granite Mountain, Hill  Few
20
11
3
35
28
 1
* After Kuroda , Oyagi, and Yoshimatsu (1982) 
** Percentage of each geological zone in the study
area
Table 2 Criteria for classification of landslide
1 Subaerial-subaqueous 
2 Division of the spatial domain of movement 
3 Type of movement 
4 Rate of movement 
5 Magnitude 
6 Material constitution (type of meterial) 
7 Inner structure (especially change in the 
 structure near basal part of a moving mass) 
8 Shape of the surface of rupture (slide surface)
9 
10 
11 
12 
13 
14 
15 
16 
17
Type of toes 
Geological structure of the slope bedrock 
Time sequence 
Snow and ice concern 
Occurrence number 
Geomorphological situation 
Inducing factor 
Geological zone 
Series in development (evolution) of a landslide
After Ohyagi et al. (1992)
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 Fig.  4 Schematic profile of landslide microlandform units
4.3 Classification of unit 
   Unit landslides in the 
Combination of the four
landslide 
study area can be classified 
kinds of displaced masses as
into five types as 
mentioned above
follows. 
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Fig. 5 Schematic plans of each Type 1 to 5 in this study
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important key in the classification using aerophoto interpretation.  Fig.  5 shows 
schematic plans of each Type 1 to 5. 
Type  1  : single Block 
Type  2  : multiple Blocks 
Type  3  : multiple  Blocks  +  Pressure ridges 
Type  4  : multiple  Blocks+  Pressure  ridges+  Debris flow ridges and Cones 
Type  5  : Debris flow ridges and Cones 
4.4 Characteristics of each type of unit landslide 
(1) Frequency and scale 
   Fig. 6 shows frequency and size of each type of unit landslide. Type 1 occurs 
frequently and is small. Type 2 also occurs frequently and varies widely in size, which 
is comparatively large. Type 3 and 4 occur less frequently and are almost large. 
Some slides of Type 4 exceed 10  km2 in area. Type 5 does not occur so frequently and 
is large. 
(2) Length and width of a unit landslide 
   Fig. 7 shows the relationshipbetween length (L) and width (W) of unit landslides 
of each type, which are measured on maps of a scale  1  : 25,000. Both length and width 
of most landslides are within 3,000 meters but some slides of Type 4 exceed 5,000 
meters in length. The ratio of length to width (L/W) is low in Type 1 and 3 and high 
in Type 2, 4 and 5. Particularly some slides of Type 4 and 5 are apparently long in 
comparison with their width. 
(3) Occurrence of classified landslides in geological zones 
   Fig. 8 shows a distribution of each type landslides on simplified geological map. 
Fig. 9 shows ratios of geological zones in which each type landslide is situated. Slides 
of Type 1, 2 and 5 are widely distributed in the geological zones of N., Ng. and Qv. 
Type 3 slides are frequently distributed in Qv. and Qp. More than half of Type 4 
slides are distributed in N. On the contrary slides of Type 1 and 2 tend to occur 
extensively in the study area. In contrast to this, slides of Type 3, 4 and 5 tend to 
occur closely in restricted zones. In addition slides of Type 3 and 5 show a trend to 
distribute in a boundary of geological zones.
5 Some case studies of each type landslide 
   This chapter is for some investigations of a few landslides distributed in areas 
where each type of landslide occurs frequently.
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5.1 Quaternary volcanoes 
   Quaternary volcanoes in the study area are dominated by landslides  (Fig.  2). 
Especially various scales and types of landslides are distributed in Mt. Funagata and 
Izumigatake volcanoes.
(1) A few landslides distributed in the central part of Mt. Funagata and Izumigatake 
   volcanoes 
   Some small-scale and simple landslides which belong to Type 1 are distributed in 
the central part of the volcanoes. 
   The Ohkurayama landslide is distributed in the north of Mt. Izumigatake (Fig. 2, 
Loc. 1). Its area is 0.8  km2. The landslide is situated in a margin of a gentle slope 
(Fig.  10a, Loc. 1) composed of thick andesitic lava flows. The lava flows are consoli-
dated but friable with cubic columnar joints and lie on the Tertiary massive tuff. 
   A main scarp (Loc. 2) composed of andesitic lava flows is about  40° sloping and 
over 200 meters in relative height (Fig. lob). A landslide body is made up of a single
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Location of the Ohkurayama landslide 
Schematic profile along the line X-Y indicated in (a)
mass of about 60 meters high. As shown in Fig .  10b, an angle of the slope(02) is about 
 5° and is almost identical with an angle of the original surface of lava flows (01). This 
fact reveals that the mass is a part of the original surface of lava flows and is a single 
Block formed by rotational slide, because the mass inclines reversely. 
   An other simple landslide, for example, the Kusunokimine landslide is situated in 
the southwest of Mt. Funagata (Fig. 2, Loc. 2). This landslide is also made up of a 
steep scarp and a simple Block and distributed on a margin of gentle slopes composed 
of thick (probably a few hundred meters high) lava flows (Photo 1). The Block is 
apparently small size as compared with the main scarp. It seems that the Block is 
separated from an original surface of the lava flows by rotational slide.
66 Reiko YAGI
 A"'` 
      alk• 
  efl' 'et°
 it.Takahata 
 csi 
 A 
 A
111101177.
 Maenomori
                              40 
rZr
.,>_1.,•.   k
i-rtrce
,`791
T. Onoda
      :• 
  to-
-15IZ
(65913 
 t.Yakurai 
      Azgp
-:7-Al 
--iLtz... %,,.:-....--...,. ._ 
        c.2o1 
 Aor 
 -,=11, \  kraii  ;6/4 •  =  kSulenuma 
 loc. 
 1. 
       S 'ronum..; .i;:: 
i'll 
 3 Sk' t'-' IL. 
 4*
 51(1'
,  1-^ 
 Ai,  A  •  i'Mt.Maefu  411,. 
+V,"  L oc t, 
• 
 It 
 t.Funagata
 „
F  d; 
 unagati 
7
r
 r0-7Y— - t O-        10  „c.„,c,z 
.%:.?-93,,,  'I, 
Y  i 
 0 
          mi 
       it
                       .-- 
   .•,o 
         7„,:......!... 
     XP,it.o; 
               447, 
                            -`,"--:
 -
R.Hana
 )4S211.1^ NAW
 ssiW  ariy  ama
    /hob 
(1/4   O of 
ill .1,..s.I- 
Vo; VII' fp 
 i141.•
)1
( ))(
 1 2 3  41 5
        0 5km 
Fig. 11 Distributin of landslides at the northern food of Mt. Funagata volcano 
   1 Quaternary volcano (Nishimura and Miyagi, 1976), 2 Upper terrance, 3 Yakurai 
   terrace, 4 Dainohara terrace, 5 Ajigafukuro terrace, 6 Unit landslide, 7 Rivers 
 (2-5 refer to Kitamura et al.  1983  ; Toyoshima 1986)
Dovelopment Series of Landslides 67
 Y
m  a.s.1.
600
400
200
 0
(b) 
X_
     e-C3.1'     A'9
0     9.4"--0A1 
     andesite  lava 
 med  pyroclastic flow deposit 
 V'1 tuff 
      slip surface
 (a)/ 
 /// 
 //  (/ 
 ;:tht, 
 Shironuma  ,6
rY
• 
TrY64-1-
•Block
0 500m
 Fig.  12(a) 
 (b)
 1 2 3 4  5  km 
Microlandform classification map of the Shironuma landslide 
Cross-section along the line X-Y indicated in (a)
(2) A few landslides distributed at the foot of Mt. Funagata volcano 
   Some large-scale landslides are situated in a margin of low-relief gentle slopes 
composed of pyroclastic flows, lava flows, and old terrace gravels on the northern foot 
of Mt. Funagata (Fig. 11). One of them is the Shironuma landslide which belongs to 
Type 2 (Loc. 1). Its area is about 3  km'. 
   A landslide body is dominated by various scales of scarps and displaced masses 
(Fig. 12a, Photo 2). The main scarp (Fig. 12a, Loc. 1) is composed of slightly  perme-
able pyroclastic flow sediments (mainly andesitic angular gravels and matrix sandy 
tuff) and thin lava flows (Fig. 12b). The pyroclastic flow sediment is  50-70 meters 
thick and overlie Pliocene massive soft pumiceaous tuff. The massive tuff is  inter-
calated with a thin fine silty tuff. The displaced masses are composed of the 
pumiceaous tuff and the pyroclastic flow sediments which are not almost deformed and 
not dislocated (Fig. 12b). The masses are thus sorted with multiple Blocks which are 
separated from the gentle slope by translational slide. 
   The Blocks are appeared to be arranged irregularly. However, scarps and the 
Blocks can be classified into four grades by scale using aerophoto interpretation (Yagi, 
1990, Fig. 13). A huge mass was separated from a margin of the gentle slope by 
translational slide in the primary stage  (Fig.  13-1). And the huge mass is 
differentiated into some small-scale masses through the landslide movement (Fig. 13-
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landslide body is composed of some plane displaced masses. The masses are dominat-
ed by various scales of Blocks and Pressure ridges. Some blocks (Loc. 1) are also 
plane and preserve original surfaces. Some small-scale Pressure ridges (Loc. 2) are 
distributed successively between the blocks and they look like a wavy terrain. Large-
scale ellipse Pressure ridges are distributed along a margin of the landslide body (Loc.
(b)
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3) and on the boundary of the plane masses (Loc. 4). 
   A main scarp is composed of massive soft silty tuff (Fig. 15a). Tuff breccia, 
terrace gravels, and thin pyroclastic flow sediments overlie on the silty tuff. The 
Block is composed of the silty tuff which are not almost deformed and not dislocated. 
A thin (less than the meters) andesitic angular gravel layer lies on some Blocks (Fig. 
15b). On the other hand Pressure ridges are made up of deformed tuffaceous loam 
with small andesitic angular gravel. The loam and gravel seem to be ascribed from 
the pyroclastic flow sediment ,terrace gravel, and silty tuff which constitute the main
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Fig. 19 Schematic profile of the Moniwa and the Kumagane landslides
scarp and some Blocks. 
   In the Sugenuma  landslide area, a huge mass was separated from a margin of the 
gentle slope by translational slide in a primary stage. And the huge mass (Block) has 
been differentiated into small Blocks (Fig. 16-1, 2). Some pressure ridges have been 
formed by compression stress along a margin of the landslide body and in the boundary 
of the Blocks through landslide movements (Fig. 16-3, 4). This landslide also occurs 
on the side of a dip slope. The primary slide occurred before 34,500 y.B.P. (Yagi, 
1990).
5.2 Non-volcanic mountains and hills 
   Non-volcanic mountains and hills in the study area are dominated by some types 
of landslides which are related to geomorphic and geologic site conditions.
(1) A few landslides distributed in accordant-height hills near Sendai 
   Accordant-height hills composed of Tertiary rocks are distributed on the west of 
Sendai. The hills are dominated by ridge and valley topography. Some large-scale 
landslides are situated in the hills. 
   One of them is the Moniwa landslide (Fig. 2, Loc. 3) situated in parts of Sahoyama, 
southwest of Sendai. The Sahoyama hills are ranging from 200 to 300 meters  a.s.I. 
and consists of Miocene massive tuff (Fig. 17a). The hills are dominated by typical 
ridge and valley topography. But some peculiar topographies are distributed near 
Moniwa, for example some depressions (Loc. 1) which are similar to dolines and a 
scarp (Loc. 2) which extends traverse to a slope gradient. Moreover an elevation in
74 Reiko YAGI
'i — " ",,-.----,-,,,-,•`_:.,—../.# .1=-,-.-.-;;;,%-=—...,',--Vr:',.---7_=',.---, \ ,_  _Hy. \', H' •-• ;-:- ;---'-- 
      7_,I 
) 
 ,.•if12././.-ff---=----=_-_\,1','-i--,-7-----,:.1;irf:';'.-.-,=V,-.';)--,•,.:;/--7,--                      'fly,,--'1?/,','07ii,i  J---.,.,,,_i,..--,,Jr-/,..----c,,(i...,,.:/71__-,...'''A,:•-_,-:,—to   4--"i)(,.•"/---'r-.-_-./.1/('(-7-,',•\•,,,.)/(.,,---,--_-,'„/,I:7,,2...,   ,•.-.,,-4,- ./,_\\( (,.--, c,07.'-:,,,-._,-:—/-='-=-'/"7 , -"'-111- ,ir..^4,,,--7  141:r=='''_,.,-)(CN'('-1';-,: 1 '.1,1 :.7. __ 1 .'', ', )-(.•,r -=7L-- ' — • j.L,'.(. ::, '--,1). % .(-•.- 4 " `7- "' '-,','\(:), --/ ',,,, V.'t5„_ .-^-a 1? , .-. . : 1, ir7,---A-•-_,:._,',' 1'11r, ) '') .- - ' . -- ' '''' ;11) , -,-3 .j...--,----;1 ( ,,T'i •.. ---'; ) 7 )1 . ' ; ', • -—7.-----7\ \'''',', ',''• 
',------- ...----2---,-,,,) [I, _.p() --,.',.4( ,, --- ,-.• , v 7 ,• • -. ( ( ,,,,-.), . / --„,..: ...-.., - 
.____,..—__--'7--'" '71' ' 7-_,,i - _ ,. ,,,_„,..s._,,,( ._.-_ ,--c,• iv?0_,' - i    ,••=-,0.-, ,,,-----47,i.„-H_,,,,.__.,,,,,-,,,,),y_i__\_,:r(_7•:.; ,,,,,-.:•-.,-,,,.•,--:-..,,,__:.•,....././._____iiduki`J,,....-:•;',,.'T”.,,IC 
                              
."
.‘ I-.-.i,,-Y-'---)-(,,,,7,(.',--.(,.„7,14gr,.2k7-'‘OkinaPass):,'           '(r\;                            ',,— .1,-.,,gg;:)4,T..,.,,._),    1 %17,,,..-,:,,,,,,),.-.,,,.,,,t,:?,-;:vg6-.777---,,,--:,c_:i., u/i),e„...,,,c.,.1,-0„,.,,•:,:::„_7•..,.r.,..„._,.„ 
ry.)," )717 ( .'`)--,,- )' ..mr. Oh. 
                                                                                                '',
.'-'             c._1-_f-_,r(-''-\..: 
   4ur 
,_,..
:p7,,_--_-._„1`---lcurnidaira 
  --F-11:1'o\r-.:1141,ri.::'.:"1',-'::', 
    <i 
    .
,.,,........if .,iew:: ::;::•:::',.               \-.s-i.y(--1,..,'A',';';',....:: 
7_1,;-,-7.7„..44.:::,,,:t,:;;_      3 .  "14: 
 O  '00
,...-Turiiv..n1-  ____2  -;  '614  Illiir.k.: 
 k...-A-..611P- 
    
. „.., 
             P.Itt cr; LC2-:-7:,:::;-----)-7,--,c,_\ cir i  3' \ ,- .. ..70))\1)11\^\^&\^,A -.              ' )) 't"--,Y}l/ /, (r',-,•->-9/ viMt.Fuldkoshi—              i7( ?eL ,--,- ,,, .( \ - 3 r,it_) _J  ,  <  )`1 
 ._ r , lkinii 
                                                          \ --• 
 -4_ '  I  ' 11111‘911"...... •  1).)                                         _J,*(7,;,__, 1  7--------f aA--- ',7%--\,---,  (LC)  f' (  -  -  ---'-"••7‘--- th, - ' ' \ ' ' hi- - _ --.,,I 
1:50,000"Yakuraisan" (Geographical Survey Institute)
  ;FL ti 
   4t .70.5 
                  _co 
 %_!„j      (-1-‘ 
j \II
      • -- '-‘)r
(b)
    high relief mountain slope  ----  /I 
   C / / I                                               vv- 
 Blocks Loc. 1^ 
       4 0  - - - - 4iri:'el  1„bris       //„loc-1-'72(.,,4?:  /, . ----- % 
A 
                     ,iint /I /    / 'Y'',./7./d       0..,, 
                     i 
 tuff or tuffaceous shale 
 columnar joint
andesite
 Fig.  20(a) 
   (b)
Location of the Kurumidaira landslide 
Schematic profile along the line X-Y indicated in (a)
 p(a) 
.+14
 I
Dovelopment Series of Landslides
  ZN\ 
      zA
477 
)
ropl 
      (
3
31:4:7;1..,441:04,,_..._,.,...1,. vails  -.A•'--- 
7/ i-- 
,,,_,-:-._-.)Alvic 
[km
0k‘c.,,:?)),-,--(=-1. 
10 
.../,....-$ ,;-.7 -14\---Nr- 
---'/'‘.41T ,..,7 
         ,w?,,-, F1,-,             ,, 
             ..A'01I'' 
.C..;^:,.....C--',?.&<                        0-
...tt.,. 
.t.......-i.                                                  
,, 
                              
..,N,.? 
       ....,,,Hironohara-i,- ,. ..;,•v=--\\ 
 r4  A 
• t. i I ,—%t‘. ,• /
75
 1:50,000"Sekiyamatouge" (Geographical Survey Institute)
(b)
 high relief mountain  slope."--->„"-• 
 /,main...:li4 
            z-Bloc-,,,4,011llitikNv1
                  dp1,%riANUli                Pressureridg leirqUit,•• 
             brisflowridge*7el-•• 
             ts./arik:4S//1  //P.--                             / P1--- -                                              ---um'c aostuff                            .corumnar joint K ,                             Debris ,r4,.2,s ____________^    ris flowCon9e"--'•4.0'' 
        r((;Weathered  d  bri 
                           ^... ..___
 Fig.  21(a) 
   (b)
Location of the Hironohara landslide 
Schematic profile along the line X-Y indicated in (a)
76 Reiko YAGI
this area  (100-200 meters  a.s.1.) is a little lower than surrounding hills. Miyagi (1981) 
revealed that these peculiar topographies have been resulted from landslide and 
described this area as a huge fossil landslide. 
   An area of the landslide is 3.8  km2. A landslide body is made up of about several 
displaced masses (Loc. 3) which resemble with a landform in the surrounding hills. As 
shown in Fig. 17b, the scarp consists of massive soft pumiceaous tuff, consolidated thin 
tuff breccia, and andesite. The displaced masses are not dislocated and consist of the 
soft pumiceaous tuff which is not almost deformed. However, the rocks are some-
times weathered and intensely deformed by compression stress on a boundary of the 
masses (Miyagi, 1981). Between the main scarp and the masses, a large-scale depres-
sion which is just like a graben  (Loc.  4) is distributed parallel to the scarp. The 
landslide occurred in the time somewhat prior to 20,000 y.B.P. (Miyagi, 1981). 
   The other is the Kumagane landslide situated in a hill northeast of the Okura dam 
(Fig. 2, Loc. 4). The surrounding hills are ranging from 300 to 500 meters a.s.l. in 
accordance with altitude. A main scarp (Fig. 18a, Loc. 1) is made up of Miocene 
massive soft tuff and intercalates thin silty tuff. A landslide body consists of a large 
mass  (Loc.  2) which is dissected by dendritic streams and show ridge and valley 
topography. Wind gaps are formed upstream  (Loc.  3). The mass is composed of 
massive tuff which is not almost deformed (Fig. 18b). It is not dislocated. A depres-
sion 200m across at the utmost is recognized between the scarp and the mass (Loc. 4). 
   Both case studies are hard to be recognized as landslides without straight scarps 
or depressions situated vertical to the slope direction (Fig. 19). The displaced masses 
resemble to the surrounding ridge and valley topography of the hills. Some wind gaps 
are distributed in upstream of rivers in the landslide body. Accordingly the hills had 
been already dissected by rivers and parts of the hill were separated into large masses 
at the time of the primary landslide (maybe tens of thousand years ago) by trans-
lational slide. The masses are recognized on the whole as a single Block. Both 
landslides thus belong to Type 1. A constitution of the displaced masses is not almost 
deformed except on their boundary, because scale of each mass is large enough. 
   Landslide of this type have been so far hardly described. But recentlyHasegawa 
(1988, 1991) has reported the existence of a huge gravitational sliding rock mass which 
had been separated from original hills along the Median Tectonic Line in Shikoku 
Island about 1 Ma..
(2) A few landslides distributed in high relief mountains and hills composed of 
   Tertiary rocks 
   One of them is the Kurumidaira landslide (Fig. 2, Loc. 5) which belongs to Type 2. 
High relief mountains composed of Miocene consolidated green tuff and tuffaceous 
shale are distributed in this area (Fig. 20a). Its area is 2.5  km2.
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   A main scarp (Fig. 20b, Loc. 1) is curved, over 200 meters in relative height and 
partly dissected. Lower part of the scarp is composed of consolidated tuffaceous 
shale with cubic columnar joints. Pyroxene andesite lie on the shale. The boundary 
between the shale and the andesite is unknown. A landslide body is made up of some 
displaced  masses. The lower mass (Loc. 2) is composed of the consolidated shale 
which is not almost deformed. A surface of the mass is irregular and a depression is 
recognized on the mass, because it inclines reversely. The masses are thus sorted with 
multiple Blocks formed by rotational slide. The primary slide seems to have occurred 
before 10,000 y.B.P. (Kimata, 1983). 
   The Hironohara landslide(Fig. 2, Loc. 6) which belongs to Type 4 is situated in the 
upstream of the Ohkura river, northwest of Sendai. This area is dominated by high 
relief hills composed mainly of Miocene massive soft pumiceaous tuff. A dacite dyke 
is emplaced in the tuff. The Hironohara landslide extends from a top of the hills 
towards the Ohkura river (Fig. 21a). Its area is about 1  km2. 
   A main scarp  (Fig.  21b) is curved and partly dissected. A landslide body is 
composed of various types of displaced masses and scarps. Some masses distributed 
steppedly in a source area are composed of massive pumiceaous tuff which is not 
almost deformed. These masses are thus identified as multiple Blocks. Small ellipse 
masses are situated between the  Blocks and look like a wavy terrain. Some small 
scarps (Loc. 1) are distributed in the middle of the landslide body and become on the 
whole a break of slope. An irregular surface under the scarps are dominated by some 
ridges parallel to displaced direction and a few displaced masses composed of andecitic 
angular gravels and weathered tuffaceous loam. The masses are debris flow ridges 
and Cones. This landslide seems to have shown movements of complex, rotational 
slide and flow, because some Blocks in the source area incline reversely.
(3) A few landslides distributed in gentle dip slopes composed of Tertiary alternating 
   rocks 
   Landforms of non-volcanic mountains and hills in the study area are often 
controlled by geological structure. For example, slope forms are sometimes asym-
metrical in the mountains composed of alternating sedimentary rocks which dip gently 
in the same direction. One is a gentle dip slope and the other is a steep infacing slope. 
These homoclinal structures are often recognized on a flank of an anticline. Large-
scale translational slides are sometimes distributed in the gentle dip slopes. 
   The Yachi landslide is situated in upstream of the Naruse river which rises among 
Mt. Kurikoma volcanoes (Fig. 2, Loc. 7). A side of left bank of the Naruse river is 
dominated by gentle hills  15-20 in sloping (Fig. 22a). Some large-scale landslides are 
distributed on the gentle slopes. The hills are composed of Miocene hard shale which 
dips gently towards the river (Fig. 22b). The left bank of the river is thus recognized
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Microlandform classification map of the Yachi landslide 
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as a dip slope. This area are dominated by faults and minor-axis folding structures 
related to the larger anticline which cause the uplifting of the Ohu Backbone Range 
(Terakawa, 1981). The dip slope on the left bank of the Naruse river seems to be a 
flank of the minor anticline. The faults control the slide area, a direction of primary 
landslides, and a scale of displaced masses (Nozaki and Miura, 1993). The shale is 
hard but friable and intercalates thin tuff layers (Terakawa et  al., 1979 etc.). It 
exhibits some bedding planes and has a tendency to break along the bedding. 
   The Yachi landslide is situated at the foot of Mt. Ohkawame (Fig. 22a, Loc. 1). Its 
area is 3 km2. A landslide body is composed of Block area, Pressure ridge area, and 
Flow area as shown in Fig. 23 (Miyagi, 1990). Thus it is interpreted to belong to Type 
4. Block area (Loc. 1) is flat but dissected by  rivers and small scarps. Large-scale 
marshes (Loc. 2) are recognized in a margin of the Block area. Pressure ridges (Loc. 3) 
are distributed reverse to the landslide direction and become a wavy terrain. Flow 
area (Loc. 4) is situated in front of the Pressure ridges. A flat surface  (Loc.  5) is 
recognized in a source area of the landslide. The surface is a bedding slope of the 
hard shale (Fig. 22b).  It seem to be some parts of slip surfaces which are related to
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the primary rock slide in this area (Nozaki and Miura, 1993). Terakawa et al. (1979) 
revealed based on physical and mechanical tests in a laboratory that the slip surface 
is formed in the altered thin tuff bed which is viscous-ductile in nature. 
   A huge mass (Block) was separated from an original gentle slopes by translational 
slide in the primary stage. Pressure ridges, Debris flow ridges and Cones have been 
formed on a margin of the landslide body in the next stage. The primary slide 
presumably occurred during the period between the formation of the middle terrace 
and the lower terrace (late-Pleistocene) and there have been no overall reactivation 
excepting a few subsequent secondary landslides (Nozaki and Miura, 1993). This 
landslide seems to have shown movements of complex, translational slide and flow. 
   Active landslide movements are also reported in the Yachi landslide area (Akita 
Prefecture Government, 1978, etc.). They are distributed in an area of above 
mentioned ancient landslide (Fig. 22a, Loc. 2). Fig. 22b demonstrates that the active 
(new) landslides are reactivations of the primary rock slide. Faults are distributed on 
the boundary between the ancient landslide and the active landslides. 
 Fig.  24 shows a microlandform classification map of the active landslide areas 
presented by Terakawa et  al. (1979). The active landslide area is divided into 4 units 
 (a---d), which are composed of curved scarps, some depressions, and displaced masses. 
Although the displaced masses are not subdivided, they are mostly identified as Debris 
flow ridges and Cones because of their porous constitutions. Large-sized masses (Loc. 
1) distributed on the other side of the Naruse river are judged Debris flow cones
                                %W"f!:•'....             %...1K 
                                                                              A+,° 
                                                                                  ........._-.......• 
           ."(,'•\4--Ni'll A ' ' */ • '                            v,....._ iig es - ,,•• • ,• 
                   
' 
- 
 '
‘;‘%2A,,,s_C:Ii.eZ\5914VtAi10.t610                     2//'",•A4.14 ItrI tv                c,-.....,••••••••::•:...-.                                   \.s.S1/4)-4e y 4/1'k.i'‘•..--4...        .--- k. g                           ocarp,'-°(1       40fAics-r.),,,---.,,,--!,4t\'\'‘.4‘ C.),o1\\,...i                                        \......=;I,y,I e 
         -
           l'OS!                                                               ,....4„,-9.- •,.•2,,,,,,,,
               i 
   ,1.)1kk...):-1111;17:0 
                                            - -1/4'r                              <'*--"\ 
         4k''0i'7"4-------.4\-; 
                               r.4 it--,ft„,, .' I 
il fj(' ifCcr                                          ,,,,...„, C,. ...,.. _                   >',),' fItt‘'. il' V '1 IP 0" ''' ji If N / _. .1                4/.,,_-,•,,,,,,Fifilipidiii,z,),2                    ,-r
•.„---5e...  '''''------"--jot.._i)."--',,,traCk4---)13w•PA     ;,....._fault/-ii"E.‘Av-,c‘''ite                   ,,,,..1, ,f.,:_il__--                                  -4.-.. . 0 
               ^  "*e, Pr' ,
 mressi  on
displaced mass
 Loc.
 0  500m
                          after Terakawa  et.al.(  1979) with additions by the author 
Fig. 24 Microlandform classification map of the Yachi active landslide
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because of their distribution pattern and characteristics of constituent material. The 
landslides are thus concluded to be of Type 5. Some huge rock masses distributed in 
the displaced mass suggest that a few blocks exist in a source area. These landslides 
were mainly formed by flow-type movement. 
   Fig. 25 displays the summary of the case studies with respect to landslide type. 
The five types of landslides are subdivided according to a process of landslide develop-
ment and site conditions for its occurrence.
6 Discussion 
   It is suggested that a combination of displaced masses changes in every develop-
ment stage of each landslide. Taking notice of the changes, process of landslide 
development is summarized as follows. 
   A landslide body is composed of only a single Block in the primary stage of 
landslide development. Multiple Blocks and Pressure ridges come to be distributed in 
the secondary stage. And then the landslide body is dominated by Debris flow ridges 
and Cones. Finally any landslide is dissected in various erosion processes. It means 
that landslides classified as different types under the present conditions are arranged 
to a different stage in a same development series of landslides. However, not all 
landslides in the study area develop like this, because the development series are of 
course affected by geomorphic and geologic site conditions. This chapter discusses 
some development series of landslides in the study area based mainly upon case studies 
as mentioned above. 
   Type 1-a (Fig. 25) is a single translational slide (glide). Landslides of this type 
mostly occur in accordant-height hills composed of Tertiary rocks. A huge sliding 
mass (a single Block) has not been differentiated, because parts of hills which had been 
already dissected were separated into large masses at the time of the primary land-
slide. It is suggested that a geomorphic development of Type la has been already 
finished at the primary stage (Fig. 26-1). 
   Type 1-b is a single rotational slide (slump). Landslides of this type often occur 
in the central part of Quaternary volcanoes and are distributed on a margin of gentle 
slopes composed of thick and consolidated andesitic lava flows. A displaced mass 
(Block) is separated from an original surface by rotational slide. The single Block of 
Type lb has not been also differentiated, because the mass is small and a constituent 
rock is consolidated and not so much weathered. However, it was reported that a 
multiple rotational slide (Fig. 11, Loc. 3) is distributed in the central parts of Mt. 
Funagata volcano (Yagi, 1990). The landslide seems to be a retrogressive  slide". 
There is a possibility that some landslide areas of Type lb will extend in the direction 
opposite to the movement of a single displaced mass (Fig.  26-2). The other landslide
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          • Landslides occurred actually inthe study area 
               Fig. 26 Development series of landslidesin the study area 
of retrogressive type is also distributed in the study  area2). 
   Both Type 2-a and 3-a are multiple translational slides. Landslides of these 
types are distributed at a foot of Quaternary volcanoes and situated on a margin of 
gentle slopes composed of pyroclastic flow sediments. The sediments overlie massive 
soft tuff, and thus form a cap rock structure. It was reported that some areas with 
a cap rock structure are dominated by landslides (Iwatsuka, 1954 etc.). It was also 
suggested that characteristics of cap rocks, such as thickness, lithology and permeabil-
ity, affected to a geomorphic process of the landslide (Yagi, 1990). 
   So far as Type 2a, a huge mass was separated from a margin of the gentle slope 
formed at the primary stage. The mass (a single Block) was differentiated into some 
small size masses at the secondary stage. However, any Pressure ridges have not 
been appeared in comparatively long time since the primary landslide. Accordingly it
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seems to be impossible that Type 2a will grade into the next stage (Fig. 26-3). On the 
other hand, a geomorphic process concerning the development of Type 3a slide resem-
bles to that of Type 2a so far as in the primary stage. However, the cap rock of Type 
3a is thinner, less than ten meters, and more weathered in comparison with that of 
Type 2a. The thin and weathered surface layers are compressed by slide movement 
and Pressure ridges are formed along a margin of the landslide body or on a boundary 
of some Blocks within a Type 3a landslide (Fig. 26-4). 
   Type 2-b is a multiple rotational slide. Main scarps of this type slides are often 
situated on a top of non-volcanic high relief mountains and hills composed of Tertiary 
tuff or tuffeaous shale. The mountains are of large-scale and length of their slopes is 
mostly long. The rocks are consolidated but friable with columnar joints. These site 
conditions for landslide occurrence of Type 2b are similar to those of Type 4-a which 
consists of a complex landslide, multiple rotational slide and flow. Accordingly there 
is a possibility that  Type 2b and 4a are included at present in different stages of the 
same development series (Fig. 26-5). 
   Type 4-b shows also a movement of complex, multiple translational slide and flow. 
Landslides of this type are often distributed on the gentle slopes composed of Tertiary 
alternating rocks. The rocks are mostly friable hard shale which dips gently with 
some bedding plane. The hard shale intercalates thin viscous tuff layers, which shows 
in high ductility contrast. Under these site conditions, rockslides tend to occur in the 
primary stage (Terakawa, et al., 1979). However, Debris flow ridges and Cones were 
formed on a margin of the landslide body at the secondary stage, because displaced 
rocks derived from the primary landslide showed flow type behavior. So far as this 
type, a primary rockslide gradually graded into landslide of colluvial deposits through 
the landslide process (Fig. 26-6). 
   Landslides classified asflow type often occur on the site where original rocks have 
been deformed through some kinds of denudation processes such as a primary landslide 
(Type 5-a). Landslides of this type are reactivations of displaced material which had 
been derived from the primary landslide and recognized as a secondary slide. 
However, these landslides should be regarded as independent unit landslides, because 
they occur on the sites with some new conditions added through the primary landslide. 
A landslide body in this type is dominated by Debris flow ridges and Cones, which took 
place at the primary stage of geomorphic development (Fig. 26-7). 
   Some landslides of Type 5 are also distributed at a foot of Quaternary volcanoes 
(Fig. 8-5). Quaternary volcanoes are usually dissected through some kinds of mass 
movements, such as small-scale slope failure, gully erosion, or denudation of lava flow, 
which are not directly related to volcanic activities. The mass movements produce 
colluvial foot slopes composed of gravel and weathered clay. Flow-type landslides 
tend to occur on the slopes. Landslides of this type have been also composed of some
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Debris flow ridges and Cones at the primary stage of geomorphic development (Fig.  26-
8). 
   Accordingly eight development series of landslide are recognized in the study area, 
which are affected by original site conditions for occurrence and by some new condi-
tions added through landslide movements. The fact reveals that most landslides 
which are classified into different types at present belong to the different development 
series of landslide. The development series also fall into three large groups as 
follows. One is a group that a geomorphic development was finished at the stage of 
a rockslide (Fig. 26,  1-3), the next is a group that a rockslide graded into a landslide 
of colluvial deposits through landslide movement  (4-6), and the last is a group that a 
landslide of colluvial deposits occurred at the primary stage (7-8). 
   As shown in Fig. 26, it will be possible for some landslides which belong to Type 
lb and 2b to grade into the next stage and enlarge their extents. Although there are 
some primary landslides which are presumably dated in the order of  10' y.B.P., most 
landslides in the study area are not active at present from the viewpoint of a primary 
activity. They are presently in the phase that displaced masses formed at the primary 
activity are  dissected') through a secondary reactivated slide movement such as Fig. 
 26-7.
7 Conclusions
   (1) The study area, the central part of the Ohu Backbone Range, is dominated by 
landslides. The landslides are mostly distributed in some Quaternary volcanoes and 
non-volcanic mountains and hills composed of Tertiary rocks. Few are distributed in 
the granite area. 
   (2) Displaced masses which constitute a landslide body are classified into four 
microlandforms, Block, Pressure ridge, Debris flow ridge and Cone, based upon 
morphological characteristics, material constitutions, distribution pattern and so on. 
Landslides in the study area can be classified into five types, Type 1 to Type 5, based 
upon combinations of the four types of displaced mass units. Landslides which are 
classified as one type are divided into a few sub-types according to geomorphic 
processes and site conditions for landslide occurrence. 
   (3) Eight development series of landslides are recognized in the study area. The 
series are affected by some original site conditions for landslide occurrence and by 
some new conditions added through landslide movement. The development series 
also fall into three large groups. One is a group that a geomorphic development was 
finished at the stage of a rockslide, the next is a group that a rockslide graded into a 
landslide of  colluvial deposits, and the last is a group that a landslide of colluvial 
deposits occurred at the primary stage.
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   (4) Most landslides in the study area are not active at present from the viewpoint 
of a primary activity. They are presently in the phase that microlandforms which 
were formed at the primary activity are dissected through a secondary reactivated 
slide movement.
                                Notes 
1) A rupture surface is extending in the direction opposite to the movement of the displaced 
  material (UNESCO Working Group of World Landslide Inventory, 1993). 
2) The Onikobe landslide (Fig. 2, Loc. 8) is of multiple rotational type and situated in low-
  relief hills composed of Quaternary soft clay such as lacustrine sediments (Yagi et al., 
  1992). 
3) Yanagida and Hasegawa (1993) examined a relationship between the age of a primary 
  landslide occurrence (T) and a degree of dissection of a landslide area (D) based upon 
   many case studies in Japan and revealed the logarithmic relationship expressed as 
 D=0.02  T'". The relationship indicates that a degree of dissection is about 5% for the 
   landslides whose primary slides are estimated to have occurred in  104 y.B.P..
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